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157) ABSTRACT

A control system for a burner is disclosed which detects
oxygen concentration in a room using an OxXygen sensor,
to thereby supply an abnormality detecting signal to at
least one of an alarm and a combustion reducing device
to actuate it when oxygen concentration is lowered
below a predetermined set value. A first comparing
device and a reference value storing device are used to
cause maximum oOxygen concentration detected to be
stored as an oxygen concentration reference value in

- the storing device. A second comparing device com-
pares the deviation between the oxygen concentration
reference value and a detected oxygen concentration
value with an abnormality judging reference value, to
thereby generate the abnormality detecting signal when
the deviation is larger than the reference value. The
control system is capable of effectively detecting a low
oxygen concentration condition without being affected
by an ambient temperature. |

20 Claims, 8§ Drawing Sheets
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1
CONTROL SYSTEM FOR BURNER

BACKGROUND OF THE INVENTION

This invention relates to a control system for a burner
adapted to directly detect oxygen concentration in a
room in which a burner is placed, to thereby prevent
abnormal combustion due to a decrease 1n oxygen, and
more particularly to a control system for a burner for
detecting oxygen concentration in the room using an
oxygen sensor adapted to react with gaseous oxygen to
generate its output depending upon the concentration of
oxygen such as a gas sensor of the galvanic cell type, to
thereby generate an abnormality detecting signal to
actuate at least one of an alarm and a combustion reduc-
ing device when the oxygen concentration in the room
is lowered to a level below a predetermined set value.

The use of a combustion appliance or burner such as
an oil-fired space heater, a gas-fired space heater or the
like for heating a tightly closed room causes a reduction
in oxygen due to combustion, leading to incomplete
combustion of fuel in the burner. In view of the above,
various techniques have been conventionally developed
to detect a reduction in oxygen. For example, U.S. Pat.
No. 4,710,125 proposes a system for indirectly detecting
lack of oxygen based on a variation in flame current
utilizing characteristics of a burner to generate an ab-
normality detecting signal. Also, a system wherein an
oxygen concentration cell using zirconium 1s used for
detecting a difference in oxygen partial pressure be-
tween air in a room in which a burner is placed and
combustion gas discharged from the burner to generate
an abnormality detecting signal is proposed. The sys-
tems proposed each are adapted to indirectly detect
oxygen concentration using combustion taking place in
a burner. Unfortunately, each of the proposed systems
requires a relatively high voltage and a large current for
the detection, therefore, it is required to use a commer-
cial power supply. Thus, the proposed systems are not
suitable for use for a burner wherein-a natural draft 1s
utilized for combustion and a dry cell or battery is used
for a power supply, such as an oil burner of the wick
actuating type. In view of the above, the inventors
considered a system using an oxygen sensor, such as a
gas sensor of the galvanic cell type, which can be driven
through a dry cell or battery and is adapted to directly
detect oxygen irrespective of combustion to generate an
abnormality detecting signal.

An oxygen sensor for directly detecting oxygen in an
environment such as a gas sensor of the galvanic cell
type is generally adapted to determine oxygen within a
wide range extending between 0% and 100%. Optimum
oxygen concentration in a room in which a burner 1s
placed is about 21%, whereas, in an abnormal condition
due to consumption of oxygen by combustion, oxygen
concentration is decreased to a level as low as 18% or
tion condition. Thus, there is a significant difference 1n
oxygen concentration between the optimum condition

and the abnormal condition, therefore, measuring of a 60

difference in oxygen concentration by means of the
OXygen Sensor causes an error because the oxygen sen-
sOr is not suitable for measuring oxygen concentration
within such a narrow range with accuracy. In general,
the oxygen sensor generally produces an error as large
as 2 to 3% when measuring oxygen of, for example,
18% in concentration; thus, whenthe error is produced
on the positive side, a measured value obtained by the
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oxygen sensor is as if oxygen concentration is within the
normal range. |

The major reason that the oxygen sensor which 1s a
wet type gas sensor such as a gas sensor of the galvanic
cell type and adapted to measure gas concentration
according to an electrochemical procedure using an
electrolyte produces an error in measuring of oxygen
concentration would be that an ambient temperature of
the sensor or a temperature of an environment sur-
rounding the sensor adversely affects the oxygen sensor
to vary the output of the sensor. More particularly, the
oxygen sensor is generally adapted to output a degree of
the reaction between a work electrode and oxygen in an
atmosphere in the form of a variation in voltage, current
or internal impedance. Unfortunately, the ambient tem-
perature causes the reaction to be varied, resulting in
the output of the oxygen sensor being varied. As an-
other gas sensor which 1s adapted to directly measure
oxygen concentration is used a gas sensor of the semi-
conductor type, which is likewise apt to be affected by
the ambient temperature, to thereby be unsuitable for

~ controlling the burner.
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Further, the conventional various gas sensors includ-
ing the gas sensor of the galvanic cell type generally
exhibit characteristics distinctly different from those at
a temperature at which they are usually used, when the
ambient temperature is lowered to a level as near as the
freezing point. Thus, it is-highly desirable to eliminate
such a problem.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a control system for a burner which is capa-
ble of accurately and positively detecting a low oxygen
concentration condition without being affected by an
ambient temperature while using an oxygen sensor.

It is another object of the present invention to pro-
vide a control system for a burner which is capable of
effectively detecting a low oxygen concentration condi-
tion while minimizing the effect of incomplete combus-
tion gas on the detection.

It is a further object of the present invention to pro-
vide a control system for a burner which is capable of
permitting an oxygen measuring operation to be carried
out after rendering the output of an oxygen sensor pro-
portional to oxygen concentration, to thereby effec-
tively prevent the malfunction.

It is still another object of the present invention to
provide a control system for a burner which is capable
of accurately generating an abnormality detecting sig-
nal, even when the combustion operation of the burner
is restarted after it 1s once stopped.

It is yet another object of the present invention to
provide a contro! system for a burner which is capable
of effectively preventing the malfunction even when a
room temperature or a temperature in a room in which

It is a still further object of the present invention to
provide a control system for a burner which 1s capable
of preventing the malfunction even when an oxygen
sensor is deteriorated or decreased in function or an
ambient temperature is excessively lowered.

It is a yet further object of the present invention to
provide a control system for a burner which is capable
condition even when an ambient temperature is lowered
to a level below a predetermined limit value.
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In accordance with the present invention, there is
provided a control system for a burner wherein an oxy-
gen sensor adapted to react with gaseous oxygen to
generate the output depending upon oxygen concentra-
tion 1s used for detecting oxygen concentration in a
room in which the burner is placed, to thereby supply at
least one of an alarm and a combustion reducing device
with an abnormality detecting signal for actuating them
when the oxygen concentration i1s lowered to a level
below a predetermined set value. The control system
comprises an oxygen concentration detecting means for
receiving an electric signal supplied from the oxygen
sensor and detecting oxygen concentration based on the
electric signal to generate a detected oxygen concentra-
tion value which may be indicated by an electric signal
such as a digital signal or the like, a first comparing
means for comparing the detected oxygen concentra-
tion value with an oxygen concentration reference
value which may be indicated by an electric signal such
as a digital signal or the like, and a reference value
storing means for storing an initial value initially input
as the oxygen concentration reference value to the first
comparing means. The reference value storing means is
adapted to store the detected oxygen concentration
value as a new or substitutional oxygen concentration
reference value to provide the first comparing means
with the oxygen concentration reference value, when
the first comparing means detects that the detected
oxygen concentration value is larger than the oxygen
concentration reference value. The first comparing
means and reference value storing means function to
renew the oxygen concentration reference value., so
that the highest oxygen concentration reference value
detected after the start of operation of the control sys-
tem acts as a reference value for judging a low oxygen
concentration condition. Thus, supposing that optimum
oxygen concentration in the room is 21%, the highest
oxygen concentration value (oxygen concentration ref-
erence value) is regarded as 21%. The control system
also includes a second comparing means for comparing
the deviation betweern the detected oxygen concentra-
tion value and the oxygen concentration reference
value with an abnormality judging reference value
which may be indicated by an electric signal such as a
digital signal or the like, resulting in generating the
abnormality detecting signal if it detects that the devia-
tion is larger than the abnormality judging reference
value, when the first comparing means detects that the
detected oxygen concentration value is smaller than the
oxygen concentration reference value. The first and
second comparing means function to detect a decrease
In the highest oxygen concentration value by a prede-
termined amount, to thereby determine occurrence of
the low oxygen concentration condition. This means
that the abnormality judging reference value deter-
mines a tolerance of variation of the oxygen concentra-
tion. Supposing that the optimum oxygen concentration
1s 21% and oxygen concentration causing the low oxy-
gen concentration condition is 18%, the abnormality
judging reference value corresponds to 3%. Thus, it
will be noted that the control system of the present
invention permits oxygen concentration causing the
abnormality detecting signal to be determined on the
basis of the highest oxygen concentration value, so that
the low oxygen concentration condition may be de-
tected without being affected by the ambient tempera-
ture even when a variation in ambient temperature
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4

causes the detected oxygen concentration value to be
varied.

In a preferred embodiment of the present invention,
the burner is housed in a casing in which a duct 1s pro-
vided for introducing air from the room into the burner
and the oxygen sensor 1s arranged in the duct. As de-
scribed above, the oxygen sensor has characteristics of
varying the output due to a variation in ambient temper-
ature and an error of the output tends to be decreased
with an increase in ambient temperature, therefore, the
oxygen sensor is preferably arranged at a place in which
a variation in ambient temperature is as narrow as possi-
ble. The exterior of the casing is generally increased in
variation in temperature as compared with the interior
and a temperature in the casing 1s elevated by heat
discharged from the burner. Thus, it would be prefera-
ble that the oxygen sensor is arranged in the casing.

However, the burner generally tends to discharge in-

complete combustion gas immediately after it starts and
the incomplete combustion gas 1s heavier than oxygen,
so that it 1s difficult to outward discharge the incom-
plete combustion gas from the casing, resulting in the
oxygen sensor being increased in operational error. In
view of the foregoing, in the present invention, the
oxygen sensor is preferably arranged in the duct. Such
construction permits the oxygen sensor to be positioned
at a place which is heated to a certain degree and sub-
stantially free of incomplete combustion gas, so that the
oxygen sensor carries out satisfactory and accurate
operation even when it is started at the state that ambi-
ent temperature 1s not increased.

In a preferred embodiment of the present invention, a
prepurge timer is arranged for starting to count time at
the time when the burner starts combustion. The pre-
purge timer functions to start the first comparing means
when it counts predetermined set time. An oxygen sen-
sor such as a gas sensor of the galvanic cell type gener-
ally fails to cause the output to be proportional to oxy-
gen concentration until a predetermined period of time
elapses after it 1s started, even when it 1s within its ser-
viceable temperature range, resulting in malfunction of
the control system. The above-described construction
of the present invention effectively eliminates the prob-
lem.

In a preferred embodiment of the present invention,
as the initial value stored in the reference value storing
means 1s used a critical value which is determined so as
to permit the output of the oxygen sensor to be propor-
tional to oxygen concentration at a level of the critical
value or more. Such construction permits the abnormal-
ity detecting signal to be positively generated when the
detected oxygen concentration value is lower than the
critical value. Setting of the initial value to a suitable
level permits deterioration of the oxygen sensor to be
detected, resulting in the abnormality detecting signal.

In a preferred embodiment of the present invention, a
postpurge timer is arranged for starting to count time at
the time when the burner stops combustion. The post-
purge timer generates a signal when it counts predeter-
mined set time and is reset when the burner restarts
combustion before completing the counting. Also, a
reset means which is started by the output of the post-
purge timer is provided so as to reset the reference
value storing means. When the burner is restarted after
combustion of the burner is stopped due to generation
of the abnormality detecting signal and before air in the
room 1s replaced with external air to cause oxygen con-
centration in the room to reach a normal value, there
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occurs a possibility that the oxygen sensor operates
while misunderstanding oxygen concentration which
causes the low oxygen concentration condition as opti-
mum oxygen concentration, to thereby fail to generate
the abnormality detecting signal although oxygen con-
centration actually is at a level causing the low oxygen
concentration condition. The above-described con-
struction of the present invention eliminates the disad-
vantage., |

In a preferred embodiment of the present invention, a
room temperature detector i1s arranged for detecting a
temperature of the room in which the burner is placed
and a means is arranged for generating the abnormality
judging reference value varied depending upon the
room temperature detected by the room temperature
detector, so that correction of the abnormality judging
reference value with respect to a temperature may be
accomplished. The dependence of the oxygen sensor on
a temperature is increased with a reduction in ambient
temperature, thus, a degree to which a voltage output
from the oxygen sensor is lowered under the low oxy-
gen concentration condition when the ambient tempera-
ture 1s low i1s high as compared with that when the
ambient temperature is high. Also, ventilation often
causes the ambient temperature of the oxygen sensor to
‘be lowered, resulting in the output of the oxygen sensor
to be reduced correspondingly. Such situations possibly
increase the deviation between the detected oxygen
concentration value and the oxygen concentration ref-
erence value irrespective of oxygen concentration in
the room being normal. The above-described construc-
tion of the present invention permits the abnormality

judging reference value to be corrected depending upon

the room temperature detected by the room tempera-
ture detector, to thereby effectively prevent malfunc-
tion of the control system.

Further, in a preferred embodiment of the present
invention, an abnormality detecting means is provided
for detecting abnormality of the oxygen sensor, which
abnormality detecting means is adapted to generate an
abnormality detecting signal when the output of the
oxygen concentration detecting means 1s below a ser-
viceable limit value of the oxygen sensor. When the
highest oxygen concentration detected after the mea-
suring is started is regarded as normal oxygen concen-
tration, the control system operates even if the oxygen
sensor fails in normal detection operation due to deteri-
oration of the oxygen sensor, excessive lowering of the
ambient temperature or the like. The arrangement of
the abnormality detecting means eliminates the disad-
vantage. | |

The oxygen sensor, when the ambient temperature is
lowered to a serviceable limit temperature of the oxy-
gen sensor or below, exhibits characteristics distinctly
different from those exhibited when the oxygen sensor
is within a normal serviceable temperature range. Thus,
in such a situation, the control system fails to employ a
normal control mode wherein the highest oxygen con-
centration detected after the measuring is started is
defined as the oxygen concentration reference value.
For example, an oxygen sensor of the galvanic cell type
is highly decreased in output when the ambient temper-
“ature is lowered to a level as low as several centigrades,
whereas the output is rapidly restored and increased
with an increase in ambient temperature. However, the
output of the oxygen sensor continues to be increased
irrespective of a decrease in oxygen concentration in
the room, when it is being restored. Thus, the control
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6

system possibly fails to detect the low oxygen concen-
tration condition when it is in the normal control mode.

In order to avoid the disadvantage, a preferred em-
bodiment of the present invention may further employ a
low temperature control mode which permits the low
oxygen concentration condition to be detected even
when the ambient temperature is lowered below the
serviceable limit temperature. More particularly, the

control system of the present invention may further

comprise a temperature sensor arranged adjacent to the
oxygen sensor, a third comparing means, a control
mode change means, a comparison value operating
means, and a fourth comparing means. The third com-
paring means and control mode change means function
to carry out switching between the normal control
mode and the low temperature control mode. The third
comparing means compares a temperature detected by
the temperature sensor with a reference temperature at
the time when the burner starts combustion, to thereby
generate a low temperature detecting signal when the
detected temperature 1s lower than the reference tem-
perature. The control mode change means invalidates
control carried out by the first and second comparing
means when the low temperature detecting signal i1s
input thereto. The comparison value operating means
provides an oxygen concentration comparison value by
operation based on at least and the temperature detected
by the temperature sensor and input thereto, when the
third comparing means generates the low temperature
detecting signal. The fourth comparing means com-
pares the oxygen concentration comparison value with
the detected oxygen concentration value, to thereby
generate the abnormality detecting signal when the
deviation between the detected oxygen concentration
value and the oxygen concentration comparison value is
larger than a low temperature abnormality judging
reference value. |

The comparison value operating means utilizes a
variation in ambient temperature of the oxygen sensor
(detected temperature) to obtain a manner of variation
of the detected oxygen concentration value from the
initial value by operation, supposing that the normal
combustion continues. The relationship of a variation in
detected oxygen concentration value to that in detected
temperature is previously determined by an experiment.
The variation in oxygen concentration provided by
operation may be expressed in the form of a two-dimen-
sional curve. Even when the output of the oxygen sen-
sor does not follow the variation in oxygen concentra-
tion, the output is affected by the variation. Thus, the
comparison between the detected oxygen concentration
value and the oxygen concentration comparison value
permits the low oxygen concentration condition to be
detected. Also, a room temperature detector may be
arranged to measure the room temperature so that the
temperature is considered in the operation by the com-
parison value operating means.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and many of the attendant
advantages of the present invention will be readily ap-
preciated as the same becomes better understood by
reference to the following detailed description when
considered in connection with the accompanying draw-
ings in which like reference numerals designate like or
corresponding parts throughout; wherein:

FIG. 1 1s a block diagram generally showing an em-
bodiment of a control system for a burner according to
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the present invention which i1s constructed in a manner
to be used for an oil burner of the wick actuating type;

FIG. 2 15 a block diagram more definitely showing
the control system shown in FIG. 1;

FIG. 3 i1s a schematic sectional view showing an 5
example of an o1l burner of the wick actuating type to
which the control system shown in FIG. 1 may be ap-
plied;

FIG. 4A is a graphical representation showing an
example of the relationship between combustion time of 10
a burner and an ambient temperature of an oxygen sen-
sor which is measured by a temperature sensor, when
the temperature is at a serviceable temperature of the
OXygen sensor or above;

FIG. 4B is a graphical representation showing an 15
example of the relationship between combustion time of
a burner and a voltage output from an oxygen sensor;

FIG. SA i1s a graphical representation showing an
example of the relationship between combustion time of
a burner and an ambient temperature of an oxygen sen- 20
sor which 1s measured by a temperature sensor, when
the temperature is lowered to a level below a service-
able temperature of the oxygen sensor;

FI1G. 5B 1s a graphical representation showing an
example of the relationship between combustion time of 25
a burner and a voltage output from an oxygen sensor of
the galvanic cell type; -

FIG. 6 is a flow chart showing the operation of the
control system shown in FIG. 2; and

FIG. 7 is a block diagram showing an additional

means which may be incorporated in the control system
shown in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Now, a control system for a burner according to the
present invention will be described hereinafter with
reference to the accompanying drawings.

FIGS. 1 and 2 show an embodiment of a control
system of the present invention and FIG. 3 shows an oil
burner of the wick actuating type which is an example
of a burner to which the control system shown in FIGS.
1 and 2 may be applied. In the illustrated embodiment,
a microcomputer is used for control. .

In FIGS. 1 to 3, reference numeral 1 designates an oil
burner of the wick actuating type which is adapted to
vertically move a wick for the igniting and fire-extin-
guishing operations. The combustion operation of the
oil burner 1s started by moving the wick to a wick raised
position or an ignition position through a wick actuating
mechanism 3 and then igniting the wick by means of an
ignition device 5. In the illustrated embodiment, the
wick actuating mechanism 3 is adapted to actuate in
association with a power switch (not shown) for the
control system. More particularly, the power switch is
rendered closed in the course of moving the wick to the
wick raised position through the wick actuating mecha-
nism 3, so that a voltage is applied to the control system
from a power supply which comprises a dry cell or
battery. Then, when the wick is further moved to the
wick ratsed position, the ignition device 5 is actuated,
resulting in the oil burner starting combustion. When
the power switch is closed, a voltage Vb of the battery
and a reference voltage Vr are compared to check the
battery. The check may be carried out using any suit-
able techniques conventionally known in the art. When
any abnormality is detected in the power supply, an
automatic fire-extinguishing mechanism 37 which will
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8

be described hereinafter is actuated to prevent the igni-
tion; whereas non-detection of the abnormality permits
the ignition to be carried out. In the illustrated embodi-
ment, the battery check is carried out by means of a
battery check circuit incorporated in a main control
means 7. The main control means 7 includes a compar-
ing and judging means, which will be described herein-
after together with other means.

The burner 1 is so arranged that its upper portion is
positioned in a space defined in a casing 11 and sur-
rounded by a reflection plate 9 and its lower portion is
housed in the lower section of the casing 11. On the
inner surface of one side wall of the casing 11 is fixedly
mounted a duct 15, which is formed at both upper and
lower ends thereof with openings. The lower opening
of the duct 15 communicates with an opening formed at
the bottom of the casing 11, so that air may be intro-
duced from the exterior of the casing 11 through the

duct 15 into the casing 11. In the duct 15 are arranged

an oxygen sensor 17 and a temperature sensor 19. For
this purpose, the illustrated embodiment uses an oxygen
sensor of the galvanic cell type. The temperature sensor
19 is used for measuring an ambient temperature of the
oxygen sensor which is a temperature of an environ-
ment in which the oxygen sensor 17 is arranged. On the
outer surface of the other side wall 14 of the casing 11
is mounted a temperature detector 21 for detecting a
room temperature or a temperature of a room in which
the burner is placed.

The oxygen sensor 17 of the galvanic cell type is
adapted to react with gaseous oxygen to generate an
electric signal proportional to concentration of the oxy-
gen reacted therewith. Thus, the oxygen sensor 17 gen-
erates an analog signal proportional to concentration of
the reacted oxygen. In order to carry out processing of
the analog signal using a microcomputer, it is required
to convert the analog signal into a digital signal. An
oxygen concentration detecting means 23 comprises an
amplifier for amplifying the analog signal and an A/D
converter for converting the amplified analog signal
into a digital signal. Thus, the oxygen concentration
detecting means 23 functions to generate a detected
oxygen concentration value S1 which is proportional to
oxygen concentration and indicated in the form of a
digital signal. The detected oxygen concentration value
S1 1s then supplied to a first comparing means 25 in
order to detect maximum or the highest oxygen concen-
tration during the detecting operation. The first com-
paring means 28 compares the detected oxygen concen-
tration value S1 with an oxygen concentration refer-
ence value R1 stored in a reference value storing means
27, resulting in the detected oxygen concentration value
S1 being stored as a renewed oxygen concentration
reference value in the reference value storing means 27
when the detected oxygen concentration value S1 is
larger than the oxygen concentration reference value
R1. The oxygen concentration detecting operation is
repeatedly carried out at a predetermined cycle or, for
example, at time intervals of 10 seconds. In the refer-
ence value storing means is previously stored an initial
value in order to ensure that it attains an initial compar-
ing operation. The first comparing means 25 starts the
operation after a first prepurge timer 29 which is
adapted to start to count time at the time when the
ignition of the burner 1 is started completes counting of
predetermined set time. In the illustrated embodiment, a
critical value which causes a variation in output of the
oxygen sensor to be proportional to oxygen concentra-
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the 1nitial value to be stored in the reference value stor-
ing means 27.

The first prepurge timer 29 is used in view of the fact
that the oxygen sensor of the galvanic cell type has
characteristics of failing to render the output of the

sensor proportional to oxygen concentration until a
- predetermined period of time elapses from turning-on of
the oxygen sensor even when 1t 1s at a serviceable tem-
perature. FIG. 4A shows an example of the relationship
between combustion time of the burner 1 and the ambi-
ent temperature of the oxygen sensor (sensor tempera-
ture) which relationship is obtained when the ambient
temperature is at a serviceable temperature of the oxy-
gen sensor (53° C.) or more. The sensor temperature or
ambient temperature 1s measured by the temperature
sensor 19. FIG. 4B shows an example of the relationship
between the combustion time and a voltage generated
from the oxygen sensor 17. As will be noted from
FIGS. 4A and 4B, the output voltage of the oxygen
sensor 17 is reduced irrespective of oxygen concentra-
tion from the start of combustion of the burner 1 to time
t1 and increased in proportion to a variation in oxygen
concentration after the time t1 elapses. In view of the
above, the first prepurge timer 29 is constructed so as to
have time TM1 equal to or more than the time t1 set
therein, resulting in causing the first comparing means
25 to start the operation after the output of the oxygen
sensor 17 is rendered normal. In the illustrated embodi-
ment, the set time TM1 is determined to be 20 minutes.

When oxygen concentration in a room in which the
burner is placed is normal, the output of the oxygen
sensor is increased as indicated at broken lines in FIG.
4B. This results in the first comparing means 25 func-
tioning to cause the oxygen concentration reference
value R1 stored in the reference value storing means 27
to be renewed. When the room 1s tightly closed to a
degree sufficient to cause a reduction in oxygen concen-
tration to be started at time t2, the oxygen concentration
reference value R1 obtained at the time t2 1s maximum
or the highest oxygen concentration. Then, the first
comparing means 25 supplies the detected oxygen con-
centration value S1 to a second comparing means 31.
The second comparing means 31 functions to compare
the deviation D(=R1—S1) between the detected oxy-
gen concentration value S1 and the oxygen concentra-
tion reference value R1 with an abnormality judging
reference value R2 generated by a means for generating
an abnormality judging reference value (abnormality
judging reference value generating means) designated
at reference numeral 33, to thereby generate an abnor-
mality detecting signal S2 to at least one of an alarm 35
and the automatic fire-extinguishing device 37. The
automatic fire-extinguishing device 37 belongs to the
category of a combustion reducing device for reducing
the amount of combustion and, in the present invention,
the combustion reducing device 1s referred to a device
for carrying out a reduction in combustion as well as
fire-extinguishing. A burner which slowly causes abnor-
mal combustion because of a low heat release value,
such as an oil burner of the wick actuating type may
cope with a low oxygen concentration condition by a
decrease in combustion, so that the fire-extinguishing is
not required.

The illustrated embodiment, as described above, is so
constructed that the second comparing means 31 1s used
for obtaining the deviation D between the detected
oxygen concentration value, S1 and the oxygen concen-
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tration reference value R1. However, it may be ob-
tained through the first comparing means 23.

The abnormality judging reference value generating
means 33 is adapted to generate the abnormality judging
reference value R2 depending upon the room tempera-

“ture detected by the temperature detector 21. The ab-

normality judging reference value R2 generated from
the means 33 is decreased as the room temperature is
lowered. However, when the room temperature detec-
tor 21 detects a rapid variation in room temperature due

~ to, for example, blowing of cold air against it, the refer-
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ence value generating means 33 carries out correction
SO as to cause the abnormality judging reference value
R2 to be temporarily increased.

When the wick actuating mechanism 3 1s manually
actuated or the fire-extinguishing device 37 is automati-
cally actuated, to thereby cause the wick to be lowered
to a fire-extinguishing position, the power switch (not
shown) is rendered open to electrically isolate the con-
trol system from the power supply. In the illustrated
embodiment, the postpurge timer 39 and a reset means
41 are provided in order to ensure that the oxygen con-
centration reference value R1 stored in the reference
value storing means 27 is maintained for a predeter-
mined period of time after the power switch is open.

- This causes the oxygen concentration reference value

R1 to be maintained until counting of set time of the
postpurge timer 39 is completed; therefore, the abnor-
mality detecting signal is generated immediately after
the low oxygen concentration condition is produced in
the room. Thus, restarting of combustion before oxygen
concentration in the room reaches a normal value can
be effectively prevented.

The foregoing description has been made on the basis
of a normal control mode wherein the ambient tempera-
ture of the oxygen sensor 17 or the temperature of an
environment surrounding the oxygen sensor 17 is within
the serviceable temperature range of the sensor. Now, a
low temperature control mode which 1s carried out
under the conditions that the ambient temperature of
the oxygen sensor 17 is below the serviceable tempera-
ture range will be described hereinafter.

FIG. SA shows an example of the relationship be-
tween combustion time of the burner and the ambient
temperature of the oxygen sensor (sensor temperature)
measured by the temperature sensor 19 which relation-
ship is obtained when the temperature is lowered to a
level below the serviceable temperature of the oxygen
sensor or 5° C. and FIG. 5B shows an example of the
relationship between combustion time of the burner and
a voltage output from the oxygen sensor 17 of the gal-
vanic cell type. A curve defined by a solid line in FIG.
5B indicates a voltage output from the oxygen sensor

- 17. As will be readily noted from the comparison be-
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tween the curve in FIG. 5B and that in FIG. 4B, when
the ambient temperature is lowered below the service-
able temperature, the output voltage is highly reduced;
whereas it 1s rapidly restored and increased with an
increase in ambient temperature. However, in the
course of the output voltage being restored, the output
of the oxygen sensor is continuously increased even
when oxygen concentration in the room is decreased in
a direction of causing the low oxygen concentration
condition. However, the output voltage is somewhat

affected by a decrease in oxygen concentration while

the voltage is being restored. More particularly, an
increase in output voltage is reduced with a decrease in
oxygen concentration. Thus, in the low temperature
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control mode, the low oxygen concentration condition
1s detected depending upon the magnitude of the devia-
tion between the detected oxygen concentration value
and a comparison operation value which is the output
voltage of the oxygen sensor obtained in the form of a
comparison value by operation on the assumption that
oxygen concentration in the room s not lowered to a
level of the low oxygen concentration condition. A
curve defined by broken lines in FIG. 58 indicates an
example of the oxygen concentration comparison value
obtained by operation.

In order to realize the low temperature control mode,
a third comparing means 43 is provided for judging
whether the low temperature control mode is to be
selected. The third comparing means 43 has a service-
able limit temperature To of the oxygen sensor previ-
ously input thereto as one comparison value. The third
comparing means 43 functions to compare an initial
value T1 of the temperature sensor 19 with the service-
able limit temperature To, resulting in supplying a low
temperature detecting signal to a control mode change
means 45 and a comparison value operating means 47
when the initial value T1 is smaller than the serviceable
himit temperature To. When the low temperature de-
tecting signal 1s input to the control mode change means
45, 1t invalidates control of the normal control mode
carried out through the first comparing means 25 and
second comparing means 31. The invalidation is accom-
plished by rendering any one of the first and second
comparing means 25 and 31 inoperative.

The comparison value operating means 47 starts the
operation when the second prepurge timer 49, which
starts to count set time TM2 upon closing of the power
switch, completes the counting. The set time TM2 is
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determined to be much shorter than the set time TM1 of 35

the first prepurge timer 29 used in the normal control
mode. For example, it may be set to be as short as, for
example, 20 seconds. The second prepurge timer 49
may be eliminated depending upon the characteristics
of the oxygen sensor.

The comparison value operating means 47, when the
third comparing means 43 generates the low tempera-
ture detecting signal, generates an oxygen concentra-
tion comparison value S1’ based on a room temperature
Tr measured by the room temperature detector 21 and
input thereto and a temperature Ts detected by the
temperature sensor 19 and input thereto. A fourth com-
paring means designated by reference numeral 51 func-
tions to compare the oxygen concentration comparison
value S1’ with the detected oxygen concentration value
S1 supplied from the oxygen concentration detecting
means 23, resulting in generating an abnormality detect-
ing signal S2 when the deviation d (=S1'—S1) between
the oxygen concentration comparison value S1’ and the
detected oxygen concentration value S1 is larger than a
low temperature abnormality judging reference value
R3. In the illustrated embodiment, the low temperature
abnormality judging reference value R3 is previously
stored in the fourth comparing means 51. When a tem-
perature correction is required as in the normal control
mode described above, a means for generating a low
temperature abnormality judging reference value may
be provided, which may be constructed in a manner
similar to the abnormality judging reference value gen-
erating means 33.

The comparison value operating means 47, on the
assumption that normal combustion is continuously
carried out, determines, by operation, a manner in
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which the detected oxygen concentration value 1s var-
ted from its initial value, depending upon variations in
room temperature Tr and ambient temperature Ts of
the oxygen sensor. The relationship between a variation
in detected oxygen concentration value and variations
in room temperature Tr and detected temperature Ts is
previously determined by an experiment. The oxygen
concentration comparison value S1' which is obtained
by operation may be obtained according to the opera-
tional formula S1'=TrXa+TsX 83, wherein a and S
each are a coefficient. The operational formula is one
example, therefore, it is a matter of course that any
other suitable operational formula may be conveniently
used for this purpose.

In the illustrated embodiment, the room temperature
measured by the room temperature detector 21 is sub-
ject to operation in order to further enhance the accu-
racy. In this connection, the arrangement of the temper-
ature sensor 19 in the duct 18 through which air in the
room is introduced from the room into the burner
causes a temperature of the room to affect the tempera-
ture sensor 19. Such a problem may be eliminated by
obtaining the oxygen concentration comparison value
S1' by means of only the output of the temperature
sensor 19 without using the output of the room tempera-
ture detector 21.

FIG. 6 shows the manner of practicing the embodi-
ment shown in FIG. 2 using a microcomputer. How-
ever, the operation of the postpurge timer 39 is elimi-
nated from FIG. 6.

The illustrated embodiment, as shown in FIG. 7, may
include a means 83 for detecting abnormality of the
oxygen sensor to generate an abnormality detecting
signal S2 when the detected oxygen concentration
value S1 generated from the oxygen concentration de-
tecting means 23 is below a serviceable limit value of
the oxygen sensor 17. The abnormality detecting means
53 may comprise a fifth comparing means 53¢ and a
means 53b for storing the serviceable limit value and be
adapted to compare the detected oxygen concentration
value S1 generated from the oxygen concentration de-
tecting means 23 with the serviceable limit value, result-
ing in generating the abnormality detecting signal S2
when the detected oxygen concentration value S1 is
below the serviceable limit value.

As can be seen from the foregoing, the control system
of the present invention is so constructed that even
when a vanation in ambient temperature causes the
detected oxygen concentration value to be varied, the
low oxygen concentration condition can be detected
while being prevented from being substantially affected
by the variation in ambient temperature because oxygen
concentration generating the abnormality detecting
signal 1s determined on the basis of maximum oxygen
concentration.

While a preferred embodiment of the invention has
been described with a certain degree of particularity
with reference to the drawings, obvious modifications
and variations are possible in light of the above teach-
ings. It is therefore to be understood that within the
scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A control system for a burner having at least one of
an alarm and a combustion reducing device which is
actuated in response to an abnormality detecting signal
indicating an abnormal oxygen concentration, said con-
trol system comprising: -
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an oxygen sensor adapted to react with oxygen gas to
generate an electric signal depending upon an oxy-

gen concentration in a room in which the burner is
placed;

oxygen concentration detecting means responsive to

the electric signal supplied from said oxygen sensor
for generating a detected oxygen concentration
value;

first comparing means or comparing said detected
oxygen concentration value with an oxygen con-
centration reference value;

reference value storing means for storing an initial
reference value and said detected oxygen concen-

tration value and inputting the oxygen concentra-

tion reference value to said first comparing means,

said reference value storing means including means -

to initially input said initial reference value as the
oxygen concentration reference value inputted to
said first comparing means, and means to thereafter
input said detected oxygen concentration value as
the oxygen concentration reference value inputted
to said first comparing means when said first com-
paring means detects that said detected oxygen
concentration value is larger than the oxygen con-
centration reference value previously inputted to
said first comparing means; and,

second comparing means for comparing a deviation

between said detected oxygen concentration value
and the oxygen concentration reference value with
an abnormality judging reference value, and for
generating said abnormality detecting signal when
said deviation 1s larger than said abnormality judg-
ing reference value and said first comparing means
detects that said detected oxygen concentration
value 1s smaller than the oxygen concentration
reference value.

2. A control system as defined in claim 1, wherein
said burner is housed in a casing in which a duct is
provided for introducing air from the room into the
burner, |

said oxygen sensor being arranged in said duct.

3. A control system as defined in claim 2 further
comprising: |

a temperature sensor arranged adjacent to said oxy-

gen sensor;
third comparing means for comparing a temperature
detected by said temperature sensor with a refer-
ence temperature at the time when said burner
starts combustion, and for generating a low tem-
perature detecting signal when said detected tem-
perature is lower than said reference temperature;

control mode change means responsive to said low
temperature detecting signal for invalidating con-
trol carned out by said first and second comparing
means;
comparison value operating means for providing an
oxygen concentration comparison value based on
at least the temperature detected by said tempera-
ture sensor when said third comparing means gen-
erates said low temperature detecting signal; and,

fourth comparing means for comparing said oxygen
concentration comparison value with said detected
oxygen concentration value, and for generating
said abnormality detecting signal when the devia-
tion between said detected oxygen concentration
value and said oxygen concentration comparison
value is larger than a low temperature abnormality
judging reference value.
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- 4. A control .system as defined in claim 2, wherein

said burner 1s an oil burner of the wick actuating type.

3. A control system as defined in claim 1 further
comprising a prepurge timer for counting time from the
time when said burner starts combustion, said prepurge
timer including means for starting said first comparing
means when a predetermined set time has been counted.

6. A control system as defined in claim §, wherein
said burner is an o1l burner of the wick actuating type.

7. A control system as defined in claim 1, further
comprising a room temperature detector for detecting a
temperature of the room in which said burner is placed;
and

means for varying said abnormality judging reference
value depending upon the room temperature de-
tected by said room temperature detector.

8. A control system as defined in claim 7, wherein

said burner is an oil burner of the wick actuating type.

9. A control system as defined in claim 1, further
comprising an abnormality detecting means for detect-
ing an abnormality of said oxygen sensor;

said abnormality detecting means mcludmg means for
generating said abnormality detecting signal when
the output of said oxygen concentration detecting
means i1s below a serviceable limit value of said
OXygen Sensor.

10. A control system as deﬁned in claim 9, wherein

satd burner is an oil burner of the wick actuating type.

11. A control system as defined in claim 1, wherein
said burner is an o1l burner of the wick actuating type.

12. A control system as defined in claim 1, wherein
said initial reference value stored in said reference value
storing means comprises a critical value which is deter-
mined so as to permit the output of said oxygen sensor
to be proportional to oxygen concentration at a level of
said critical value and above.

13. A control system as defined in clalm 4 further
comprising:

a postpurge timer for counting time from the time
when said burner stops combustion, said postpurge
timer including means for generating an output
when a predetermined set time has been counted,
and means for resetting said postpurge timer when
said burner restarts combustion before cc)mpletlon
of said counting; and,

reset means started by the output of said postpurge
timer for resetting said reference value storing
means to imput said initial reference value as the
oxygen concentration reference value inputted to
said first comparing means.

14. A control system as defined in claim 13, wherein

said burner is an oil burner of the wick actuating type.

15. A control system as defined in claim 12, wherein
said burner is an o1l burner of the wick actuating type.

16. A control system as defined in claim 1 further
comprising: |

a temperature sensor arranged adjacent to said oxy-
gen Sensor;

third comparing means for comparing a temperature
detected by said temperature sensor with a refer-
ence temperature at the time when said burner
starts combustion, and for generating a low tem-
perature detecting signal when said detected tem-
perature 1s lower than said reference temperature;

control mode change means responsive to said low
temperature detecting signal for invalidating con-

trol carried out by said first and second comparing
means;
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comparison value operating means for providing an

oxygen concentration comparison value based on
at least the temperature detected by said tempera-
ture sensor when said third comparing means gen-

erates said low temperature detecting signal; and,

fourth comparing means for comparing said oxygen
concentration comparison value with said detected
oxygen concentration value, and for generating
said abnormality detecting signal when the devia-
tion between said detected oxygen concentration
value and said oxygen concentration comparison
value is larger than a low temperature abnormality
Judging reference value.
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17. A control system as defined in claim 16 further
comprising a room temperature detector for detecting a

temperature 1n the room in which said burner is placed,
and wherein said comparison value operating means

includes means for providing said oxygen concen-
tration comparison value based on both the temper-
ature detected by said temperature sensor and the
temperature detected by said room temperature
detector.
18. A control system as defined in claim 17, wherein
said burner 1s an oil burner of the wick actuating type.
19. A control system as defined in claim 16, wherein
said burner is an oil burner of the wick actuating type.
20. A control system as defined in claim 16, wherein

said oxygen sensor is of the galvanic cell type.
* % %x X %
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